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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. "*"*** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the decollator using the film which removes the 
unnecessary matter out of the liquid which the useful matter dissolved. It is related with the 
decollator in which the fractionation property which consists of high film of the rejection of the 
useful matter and film with the high screen multiplier of the useful matter in more detail has the 
property which is broadcloth. In the blood purification therapy especially using the film, the 
blood purifier which makes it possible to remove efficiently the injurious ingredient which has 
bigger molecular weight than albumin is offered, controlling exsorption of albumin to the 
minimum. 
[0002] 

[Description of the Prior Art] As an approach the magnitude of the matter mainly separates the 
matter from a solution altematively, the membrane- separation method is put in practical use in 
industry and the medical field. Generally, the technical problem in a membrane- separation 
method is raising selectivity, and in order to attain the technical problem, membranous high- 
performance-izing and development of equipment have so far been performed. About 
membranous high performance-ization, the method of maldng a thin film form by the approach, 
asymmetric membrane, or bipolar membrane which malces a membranous aperture homogeneity 
and makes a fractionation property Sharp, and reducing transparency resistance of a solute is 
established. Moreover, raising selectivity about equipment by repeating combination separation 
actuation for some membrane separation devices repeatedly to multistage is performed. In the 
blood purification therapy for the patient of the medical field especially chronic renal failure, or 
acute renal failure, the membrane separation device is used widely. It is a technical problem that 
the urine poison which has molecular weight smaller than albumin is removable to the maximum 
extent, suppressing exsorption of the albumin which is the useful matter for a living body with 
this equipment. Since the polysulfone film which is one of the film used recently has 
unsymmetrical structure which was mentioned above, and sharp film pore size distribution, it is 
considered to be the ideal film which fills these needs nearly completely. [ many ] 
[0003] Also in the symmetry film which has the uniform membrane structure considered to be 
inferior compared with asymmetric membrane, a new attempt is made about obtaining the sharp 
fractionation engine performance (Ono population permeable membrane, new-materials-30- 
35, 1994.3). This symmetry film enlarges a film aperture enough as compared with the 
transparency matter, and has the same function as asymmetric membrane by making protein stick 
only to a film front face so that it may become the film aperture which is extent which cannot 
penetrate the useful matter. It is reported that it became possible to remove efficiently **** 
proteins, such as beta 2-microglobulin by which it was made difficult by the unsymmetrical 
structure formed with this adsorption protein to remove by dialysis conventionally, without 
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leaking albumin. 

[0004] Improvement in the removal effectiveness of the urine poison by the still newer cure is 
also tried. One of them is hemofiltration dialysis. This cure can remove efficiently the matter of 
large molecular weight, such as beta 2-microglobulin, for the matter of the low molecular weight 
of a urea etc. by filtration by diffusion by combining filtration and diffusion. In order to be 
accompanied by a lot of dewatering, asynmietric membrane excellent in permeable ability is 
widely used for this cure. 

[0005] The data in which it is shown that the **** protein which has albumin or the molecular 
weight beyond it is involving recently came to be reported to various complication in the patient 
who is performing prolonged hemodialysis. For example, they are the matter puffed up in 
ischemia, the matter which the function of a platelet is reduced and becomes causes, such as 
inducement other feeling of itching, a bone and the arthralgia, and a feeling of IRAIRA, 

about bleeding by checking production of an erythrocyte. In the old membrane separation device 
which does not penetrate the albumin mentioned above, these matter is unremovable. Then, the 
blood purifier using the film which made the film aperture expansion and made pore size 
distribution broadcloth was developed. With this membrane separation device, although 
exsorption of albumin increases somewhat as compared with conventional equipment, it is 
reported that effectiveness is in reduction of a dialysis patient's complication. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention relates to the membrane separation 
device aiming at making exsorption of the useful matter into min, and being the range of a large 
molecular weight field, and removing the bigger matter than the useful matter efficiently. 
Selectivity cannot be raised in the conventional membrane- separation method mentioned above, 
namely, the purpose of this invention cannot be attained with the equipment which makes the 
fractionation engine performance Sharp. For example, in blood purification, if it is going to 
remove the matter of bigger molecular weight than the albumin which is the useful matter, the 
more the selectivity of a membrane separation device is high, the more the difference of the 
screen multiplier of albumin and its removal TADETTO matter will become large. That is, since 
it is necessary to make the screen multiplier of the albumin itself high in order to make the screen 
multiplier of the big removal matter of molecular weight higher than albumin, exsorption of the 
albumin which is the useful matter inevitably will become large. 

[0007] The membrane separation device which expansion of a film aperture or pore size 
distribution broadcloth-ized is effective in making large the range of the molecular weight of the 
matter to penetrate to some extent. The clinical performance evaluation of the permeable 
membrane which enlarged the film aperture about blood purifier is reported (Koji Nakajima, 
Akiko Saito, others: performance evaluation of the various diameter high performance film of an 
osculum.). A kidney and the dialysis vol.36 separate-volume high performance membranes 
94:132 and 1994. The pit radius and the screen multiplier of a plasma protein are shown in the 
report about three kinds of blood purifiers which used each film of the regenerated-cellulose 
film, the cellulose triacetate film, and the polymethylmethacrylate film. About the average pit 
radius, the regenerated-cellulose film is lOOA and any film is diameter[ of an osculum ]-ized [ 
the film / 75 A and the polymethylmethacrylate film ] for 70A and the cellulose triacetate film 
from the pit radii 40-70A of the conventional blood purification film. The screen multiplier of 
the albumin of these diameter[ of an osculum ]-ized film is designed about by 0.03 by the 
greatest value permitted as blood purification film. It is indicated that plasma proteins, such as 
transferrin of the larger molecular weight 90,000 than albumin and IgG of molecular weight 
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150,000, also penetrate the polymethylmethacrylate film whose pit radius is max in these film. 
However, the screen multiplier of IgG is as low as 0.004, and the value is about only 10% of a 
value of albumin. Pore size distribution is further made into broadcloth, and although making the 
range of the molecular weight to penetrate large, and enlarging the screen multiplier is also 
considered, now, the film production technique of controlling pore size distribution freely does 
not exist, without being accompanied by the increment in the leak of albumin. 
[0008] This invention aims at offering the blood purifier which makes it possible to remove 
efficiently the injurious ingredient which has bigger molecular weight than albumin in the 
membrane separation device which controlled to min exsorption of the useful matter which 
dissolved into the liquid paying attention to the trouble of the above-mentioned conventional 
technique, and enabled removal of the matter with bigger molecular weight than this useful 
matter, and a using film especially blood purification therapy, controlling exsorption of albumin 
to the minimum. 
[0009] 

[Means for Solving the Problem] Following this invention can attain the above-mentioned 
purpose. Namely, this invention, "it is the membrane separation device which consists of film 
which has less than zero to 0.5 screen multiplier to (1) useful matter, and film which has the 
screen multiplier of 0.5 to 1 to this useful matter. (2) Blood purifier which consists of film which 
has the screen multiplier of 0 to 0.5 to albumin, and film which has the screen multiplier of 0.5 to 
1 to albumin. It consists of 
[0010] 

[Embodiment of the Invention] Here, in the equipment of this invention, a screen multiplier (Sc) 
is calculated using the formula defined by Sc=(2xCf)/(Ci-i-Co). Here, the concentration in Ci and 
a membrane separation device outlet was expressed [ the concentration in the filtrate of a solute ] 
for the concentration in Cf and a membrane separation device inlet port as Co. In addition, it is 
not dependent only on the property of the film which constitutes a decollator, and depends for a 
screen multiplier also on the operating condition of equipments, such as a shear rate on the front 
face of separation of processing liquid, temperature, and the filtration rate of flow, and the solute 
concentration of processing liquid. Therefore, the screen multiplier defined in this invention 
makes the condition of an operating condition and processing liquid the same, and it must be 
called for so that it may be dependent on the parameter of only a membranous property. 
[001 1] Moreover, as the quality of the material of the film used in the equipment of this 
invention, although a regenerated cellulose, the poly acrylic nitril, polysulfone, a reforming 
cellulose, polymethylmethacrylate, polyethylene, polyvinyl alcohol, a polyamide, polypropylene, 
or a ceramic can be considered, a suitable thing is used by the condition of processing liquid, and 
the operating condition purpose. Moreover, as a gestalt of those film, although the shape of the 
shape of a film, tubular, and a hollow filament etc. is used, the shape of a hollow filament is 
desirable practically. 

[0012] The film with which the screen multipliers for which this invention is furthermore used 
differ may be contained in one container, and even if divided and included in a separate 
container, it is not cared about. However, when included in a separate container, it is desirable 
that each container is installed in juxtaposition so that processing liquid may be distributed at a 
rate of each film surface product. 

[0013] as the film in which 0 or more and less than 0.5 screen multiplier is shown to albumin 
when the equipment of this invention is used for the purpose of the therapy of blood purification 
especially acute renal failure, or a chronic -renal-failure patient — a pit radius ~ the thing of 30- 
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120A ~ desirable ~ further — 50-80A are desirable. As film in which 0.5 or more and 1 or less 
screen multiplier is shown to albumin on the other hand, a 150A-0.3micro meter thing is desirable 
and 250A-0.1micrometer is desirable to a pan. When a pit radius becomes larger than 0.3 
micrometers, there is an inclination which corpuscle components, such as an erythrocyte and a 
platelet, leak. Moreover, when filtration pressure rises [ a pit radius ] by at least 0.6 micrometers 
or less, destruction of an erythrocyte, i.e., hemolysis, may arise in an operation of the shearing 
stress produced because a part of cell membrane of an erythrocyte trespasses upon the interior of 
a pit and blood flows further. If a pit radius becomes smaller than 150 A, since the permeability 
of the magnitude of the molecular weight more than albumin will become low on the other hand, 
the removal effectiveness of the injurious ingredient of large molecular weight falls. Moreover, if 
transparency of proteins, such as albumin and a fibrinogen, is baiTed by coincidence, by 
accumulating those proteins near the film front face, a concentration polarization layer will be 
formed and a filtration efficiency will fall to it. Therefore, as for a film aperture, it is much more 
desirable to set it as the magnitude which can penetrate almost all plasma proteins. 
[0014] Moreover, especially the film in the case of using this invention as blood purifier is not 
limited by an ingredient, a configuration, the dimension, etc., and should just choose a suitable 
thing for permeable ability, the diffusibility ability of a solute, etc. according to the purpose. 
[0015] If an ingredient is illustrated, polymers, such as a regenerated cellulose, the poly acrylic 
nitril, polysulfone, a reforming cellulose, polymethylmethacrylate, polyethylene, polyvinyl 
alcohol, a polyamide, and polypropylene, will be raised. 

[0016] Although a hollow filament is desirable as above-mentioned, 1-200 micrometers and 
further 5-100 micrometers have [ the dimension ] more desirable thickness. 50-600 micrometers 
and further 100-300 micrometers can use a bore more preferably. About the film which has 0 or 
more and less than 0.5 screen multiplier especially to albumin, it is desirable that the diffusibility 
ability of matter, such as a urea, a creatinine, an electrolyte, and beta 2-microglobulin, is 
excellent. Moreover, as for the film which has 0.5 or more and 1 or less screen multiplier to 
albumin, it is desirable that permeable ability is high and the hemofiltration engine performance 
is excellent. 

[0017] The rates of a membranous area that the screen multipliers which constitute this blood 
purifier further again differ differ by whether a patient can be equal to loss of the albumin of 
which, or albumin pharmaceutical preparation etc. is supplied to a patient. It is desirable to set 
the screen multiplier of the albumin as this whole equipment or less to 0.05 generally, since it is 
necessary to set up the albumin leak of blood purifier low, and to set this screen multiplier as 
0.01-0.03, in order to make a curative effect and the side effect by loss of albumin into the 
minimum more preferably. It is desirable to mix each hollow fiber in equipment so that the area 
of the film with which the area of the film which, on the other hand, has 0 or more and less than 
0.5 screen multiplier to albumin as law in order to set the screen multiplier of albumin as the 
above range has 0.5 or more and 1 or less screen multiplier to albumin to 20000 may become the 
rate of 2-200. 

[0018] The manufacturing method of the blood purifier mentioned above is as follows. Namely, 
the area of the film which has 0 or more and less than 0.5 screen multiplier to albumin receives 
20000. A hollow fiber is mixed so that the area of the film which has 0.5 or more and 1 or less 
screen multiplier to albumin may become the rate of 1-200. It is manufactured by fixing both 
ends to this container by potting material like poljoirethane after filling up about with a total of 
5000-20,000 the container made from plastics of the shape of a cylinder which has the entrance 
of dialysing fluid in a bundle. Although an example is raised to below and this invention is 
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concretely explained to it, this invention is not limited to these at all. 

[0019] 

[Example] 

The hollow fiber made from polymethylmethacrylate of examples 1-5, the example 1 of a 
comparison - 5 average pit radii 50A, 70A, 90A, lOOA, 120A, 200A, 400A, 600A, and 800A is 
used, and it is 2 1.72m of effective film surface products. Seven kinds of blood purifiers were 
made as an experiment. That with which it was filled up 14000 hollow fibers of average pit 
radius 50A as an example of a comparison (example 1 of a comparison), That with which it was 
filled up 14000 hollow fibers of average pit radius 70 A (example 2 of a comparison). That 
(example 3 of a comparison) with which it was filled up 14000 hollow fibers of average pit 
radius 90 A, the thing (example 4 of a comparison) with which it was filled up 14000 hollow 
fibers of average pit radius 100 A, and the thing (example 5 of a comparison) with which it was 
filled up 14000 hollow fibers of average pit radius 120A were prepared. Moreover, the thing 
mixed and filled up with 130 hollow fibers of 13870 hollow fibers of average pit radius 50A, and 
130 hollow fibers of average pit radius 100 A as an example (example 1), What was filled up 
with 13980 hollow fibers of average pit radius 50A, and 20 hollow fibers of average pit radius 
200A (example 2), What was filled up with 13850 hollow fibers of average pit radius 50A, and 
150 hollow fibers of average pit radius 400A (example 3), What was filled up with 13999 hollow 
fibers of what was filled up with 13998 hollow fibers of average pit radius 50 A and two hollow 
fibers of average pit radius 600 A (example 4), and average pit radius 50 A, and one hollow fiber 
of average pit radius 800A (example 5) was prepared. The contents of the above example and the 
example of a comparison are shown in Table 1. In addition, using high-degree-of-accuracy full 
automatic gas adsorption equipment (BELSORP 36: Japanese bell), the pit radius of each hollow 
fiber shown in Table 1 and a void content measure adsorption / desorption constant-temperature 
line in the temperature of -196 degrees C, and are obtained. 
[Table 1] 



Next, the fractionation property of each equipment was investigated by supplying 2mg [/ml ] 
water solution of the dextran (Sigma) of a mean molecular weight 512000 to such blood purifiers 
by the flow rate of 200 ml/min, and measuring molecular weight analysis and concentration of 
the dextran in the inlet port of equipment, an outlet, and filtrate on condition that the temperature 
of 37 degrees C, and filtration flux 2 cm/sec. measurement of the molecular weight distribution 
and concentration of a dextran ~ a gel filtration chromatography (GPC) — law was used. The 
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device which constitutes GPC is a computer for a differential refractometer (RI-8010: TOSOH), 
chromatogram data processing (chromatography coder 21: TOSOH), the pump for high 
performance chromatography (CCPE-II: TOSOH), an automatic sampler (AS-8020: TOSOH), a 
deaerator (SD8022: TOSOH), column oven (CTO-6: Shimadzu), a separation column 
(GMPWXL: TOSOH), data extraction, and analysis (PC9801 RA:NEC). Moreover, water was 
used as a solvent, separation temperature was set as 40 degrees C, and the rate of flow was set as 
0.5 ml/min, respectively. On the above system and conditions, the calibration curve which shows 
the relation between elution time amount and a molecular weight value using the dextran 
standard solution (molecular weight 1000, 5000, 12000, and 50000, 150000:Fluka) was acquired, 
from the calibration curve, the dextran molecular weight of a sample was determined and each 
concentration was obtained as a peak height. The screen multiplier was computed by having 
substituted for the formula which mentioned above the data obtained as mentioned above, and 
the fractionation property of each equipment was acquired. The value which divided the screen 
multipliers and those values of a dextran of molecular weight 100,000-1 million by the screen 
multiplier of the dextran of molecular weight 100,000 was shown in Table 2 by the percentage. 
[0020] In Table 2, the dextran of molecular weight 100,000 is assumed to be the useful matter, 
and the effectiveness of this invention is explained based on the measured value of the example 
of front Naka, and the example of a comparison. The case where the amount of loss of the useful 
matter can be first made [ many / to some extent ] is considered. By the Prior art, in order to 
make the screen multiplier of the dextran of molecular weight 200,000 or more into 0.1, an 
average pit radius needs to use the film more than 100 A at least like the examples 4 and 5 of a 
comparison. However, as coincidence shown in a table, in the examples 4 and 5 of a comparison, 
the screen multiplier of the dextran of the molecular weight 100,000 assumed to be the useful 
matter becomes 0.5 or more, and the amount of loss becomes excessive. It makes it possible to 
maintain on the other hand to the value of 0.36 exceeding 0.33 obtained in the example 5 of a 
comparison of average pit radius 120 A in the screen multiplier of molecular weight 200,000, 
holding down low the value of the screen multiplier of the dextran of molecular weight 100,000 
with 0.35 [ comparable as the example 3 of a comparison which used the film of pit radius 70A ] 
in the example 3 made as an experiment based on this invention. And in the example 3, the value 
of the screen multiplier of the dextran of molecular weight 1 million is maintaining 50% or more 
of the value of molecular weight 100,000, and removal of the matter of the amount field of 
macromolecules which was not able to be attained is attained in the example of a comparison. 
[0021] 
[Table 2] 



6 



Next, the case where the amount of loss of the useful matter needs to be lessened is considered. 
In order to set the screen multiplier of the dextran of molecular weight 100,000 or less to 0.1 
using the conventional technique, an average pit radius needs to use the film more than 70A like 
the examples 1 and 2 of a comparison. However, in these examples of a comparison, the screen 
multiplier of the twice as many matter as 200,000 [ or more ] or more molecular weight, i.e., the 
molecular weight of the useful matter, falls to less than 10% of value of the screen multiplier of 
the useful matter, and removal of the matter with the matter twice [ more than ] the molecular 
weight of useful cannot be performed on parenchyma. As shown in examples 1, 2, 4, and 5, 
while the screen multiplier to the useful matter had kept the value of the screen multiplier of the 
useful matter low according to this invention with less than 0.5 film and the membrane 
separation device with which the value consists of 0.5 or more film, it became possible to 
maintain the screen multiplier of the matter with larger molecular weight than the useful matter 
to a high value. And as an example 5 shows, it becomes possible to make large the molecular 
weight range of the matter for removal, and to maintain the screen multiplier of those matter 
more highly by enlarging the average pit radius of the film in which high permeability is shown 
to the useful matter. By changing appropriately the average film apertures and those numbers of 
the hollow fiber which furthermore constitutes a membrane separation device, the range and 
screen multiplier of the molecular weight for removal can be set as arbitration. 
[0022] The effectiveness of this invention by the example stated above was shown in drawing 1 
and 2 together with the example of a comparison as a fractionation curve. 
[0023] 

[Effect of the Invention] It made it possible to offer the membrane separation device 
characterized by making exsoiption of a useful component into the minimum and being able to 
remove the matter of wide range molecular weight by this invention only by combining the 
demarcation membrane from which the fractionation property currently used from the former 
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differs. It could accomplish offering the blood purifier which makes it possible to remove 
efficiently the injurious ingredient which has bigger molecular weight than albumin, controlling 
exsorption of the blood purification therapy ******** and the albumin especially using the film 
to the minimum. The equipment of this invention enables removal of the toxic material of bigger 
molecular weight than the albumin considered to be the causes, such as ischemia in the patient 
who is performing prolonged hemodialysis, bleeding, a feeling of itching, a bone and the 
arthralgia, and a feeling of IRAIRA. It is thought that these large molecular weight matter has 
been accumulated until it is not removed with old blood purifier but causes complication to the 
inside of the body over a long period. Although a toxic material is fully unremovable under one 
therapy using the equipment of this invention since superfluous exsorption of useful matter, such 
as albumin, immune protein, and a blood coagulation factor, is prevented, effectiveness is 
expected by continuing two - three therapies per week like hemodialysis. Therefore, the 
equipment of this invention can demonstrate effectiveness enough in the conventional blood 
purifier for continuous removal of the toxic material of the amount of macromolecules slow [ of 
the inside of the body which could not be removed / production ] and accumulated over the long 
period of time. 



CLAIMS 



[Claim(s)] 

[Claim 1] The membrane separation device which has the film which has 0 or more and less than 
0.5 screen multiplier to the useful matter, and the film which has 0.5 or more and 1 or less screen 
multiplier to this useful matter. 

[Claim 2] The membrane separation device according to claim 1 characterized by the area of the 
film which has 0.5 or more and 1 or less screen multiplier to this useful matter being 1/10 or less 
[ which has 0 or more and less than 0.5 screen multiplier to this useful matter / of a membranous 
area ]. 

[Claim 3] The membrane separation device according to claim 1 which the screen multiplier of 
the matter which has this matter twice [ more than ] the molecular weight of useful is 0.5 or less, 
and is characterized by the value of the screen multiplier having 70% or more of value of the 
screen multiplier of this useful matter. 

[Claim 4] The membrane separation device according to claim 1 which the screen multiplier of 
the matter which has this matter twice [ more than ] the molecular weight of useful is 0.05 or 
less, and is characterized by the value of the screen multiplier having 20% or more of value of 
the screen multiplier of this useful matter. 

[Claim 5] The membrane separation device according to claim 1 which the screen multiplier of 
the matter which has this matter twice [ more than ] the molecular weight of useful is 0.03 or 
less, and is characterized by the value of the screen multiplier having 10% or more of value of 
the screen multiplier of this useful matter. 

[Claim 6] Blood purifier which has the film which has 0 or more and 0.5 or less screen multiplier 
to albumin, and the film which has 0.5 or more and 1 or less screen multiplier to albumin. 
[Claim 7] Blood purifier characterized by the area of the film which has 0.5 or more and 1 or less 
screen multiplier to this albumin being 1/10 or less [ which has 0 or more and less than 0.5 
screen multiplier to this albumin / of a membranous area ]. 

[Claim 8] Blood purifier according to claim 6 which the screen multiplier of the matter which 
has albumin twice [ more than ] the molecular weight of this is 0.1 or less, and is characterized 
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by the value of the screen multiplier having 70% or more of value of the screen multiplier of 
albumin. 

[Claim 9] Blood purifier according to claim 6 which the screen multiplier of the matter which 
has albumin twice [ more than ] the molecular weight of this is 0.05 or less, and is characterized 
by the value of the screen multiplier having 20% or more of value of the screen multiplier of 
albumin. 

[Claim 10] Blood purifier according to claim 6 which the screen multiplier of the matter which 
has the molecular weight of 5 times or more of this albumin is 0.03 or less, and is characterized 
by the value of the screen multiplier having 10% or more of value of the screen multiplier of 
albumin. 
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